Patients discharged on oral anticoagulant (OAC) therapy after percutaneous coronary intervention (PCI) represent a complex population and are at higher risk of early readmission. The reasons and predictors of early readmission in this group have not been well characterized. We identified patients in an integrated health care system who underwent PCI between 2009 and 2014 and were readmitted within 30 days within this health care system. Of the 9,357 patients surviving to discharge after the index PCI, 692 were readmitted within 30 days (7.4%). At the time of readmission, 143 had been discharged from the index PCI hospitalization on OACs (96.5% on warfarin) and 549 had not been discharged on OACs, with readmission rates of 12.9% and 6.7%, respectively (p<0.01). The most common reason for readmission among all patients was chest pain syndromes (21.7% on OACs, 34.4% not on OACs). However, bleeding represented the next most frequent cause of readmission among patients on OACs (14.0% on OACs vs 6.0% not on OACs, p<0.01). Among patients on OAC therapy, peripheral arterial disease (odds ratio [OR] 1.66, 95% confidence interval [CI] 1.07-2.57, p = 0.02) and nonelective PCI (OR 1.91, 95% CI 1.17-3.12, p<0.01) were found to be independent predictors of 30-day readmission. During rehospitalization, compared to patients not on OACs, patients on OACs suffered a higher unadjusted rate of mortality (6.3% vs 1.8%, p<0.01) and a longer length of stay (6.4 ± 7.1 days vs 4.9 ± 6.8 days, p = 0.02). In conclusion, patients discharged on OAC therapy after PCI are commonly readmitted, with bleeding representing a major reason. These readmissions are associated with high mortality and longer lengths of stay. Interventions targeted towards optimizing discharge planning for these complex patients are needed to potentially reduce readmissions.
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Readmissions following percutaneous coronary intervention (PCI) are expensive and burdensome for patients. A recent review found that rates of 30-day readmission after PCI range from 4.7-15.6%, and readmitted patients may be at increased risk of death at 1 year [1] . The 30-day readmission rate is also used as a quality metric for hospitals, since readmissions may reflect the quality of care the patient received at the time of index hospitalization or after discharge [2] . The Centers for Medicare & Medicaid Services (CMS) Hospital Readmissions Reduction Program now penalizes hospitals for higher than expected 30-day readmission rates for certain medical conditions, including acute myocardial infarction (MI) and heart failure [3] . Since many of these patients undergo PCI during their hospitalization, reducing readmissions after PCI has become a priority for hospital systems, and interventions targeted towards reducing readmissions post-PCI have been implemented [2, 4] . In addition, the CMS recently announced a new voluntary bundled payment model, the Bundled Payments for Care Improvement Advanced, which ties reimbursement for PCI to several quality measures including readmission [5] .
Causes and predictors of readmission after PCI have previously been explored and integrated into clinical tools that can be used to identify those at highest risk [1, [6] [7] [8] [9] . However, whether these same predictors identify those at risk of readmission among the subset discharged on OAC therapy has not been extensively investigated. Prior studies have shown that patients undergoing PCI on chronic OAC therapy have a higher burden of cardiovascular disease, experience greater post-procedure bleeding complications, and have increased risk of long-term mortality compared to patients not on chronic OAC therapy [10] [11] [12] . Following discharge after PCI, patients on chronic OAC therapy were also found to experience a significantly higher 90-day readmission rate [11] The details of why these patients were rehospitalized, however, remain unclear.
Given the association between OAC therapy and risk of readmission, our study was designed to accomplish two main goals: 1) understand the reasons for 30-day readmission among patients who are discharged on OACs after index PCI; and 2) determine predictors of 30-day readmission in this patient group and assess whether these vary from those not on OAC. This information may in turn be used to assist clinicians in developing interventions targeted towards reducing post-PCI readmissions among patients on OAC therapy.
Materials and methods

Study population
Partners HealthCare is an integrated health care system founded by the Massachusetts General Hospital and Brigham and Women's Hospital, consisting of multiple hospitals, community health centers, and ambulatory practices. For this analysis, we included consecutive patients undergoing PCI at two Partners HealthCare medical centers (Massachusetts General Hospital or Brigham and Women's Hospital) between June 2009 and September 2014. If more than one PCI was performed within 30 days, only the first was included in the analysis. No other exclusion criteria were utilized. Due to the retrospective nature of this analysis, the Partners HealthCare Institutional Review Board waived the requirement for informed consent, and data were fully anonymized for statistical analysis. data collection form. The data elements in the CathPCI Registry form can be found online (https://www.ncdr.com/WebNCDR/docs/default-source/public-data-collection-documents/ cathpci_v4_datacollectionform_4-4.pdf?sfvrsn=2) [13] .
Exposure of interest
Determination of oral anticoagulation status at the time of discharge from index PCI was based on the discharge medication list or discharge summary. Type of OAC therapy, concomitant use of antiplatelet therapies, and doses used were collected as well.
Outcomes
The primary outcome in the analysis was all-cause, 30-day readmission. All readmissions to any of the hospitals affiliated with Partners Healthcare within 30 days of the index PCI were identified. For those with >1 readmission, only the first was used for the analysis. All patients in the study had at least 30 days of follow-up after discharge following PCI. For those readmitted, the following data were collected manually by two physicians: reason for readmission, type of oral anticoagulant and dose at readmission and discharge, and types of antiplatelet agents and doses at readmission and discharge. If bleeding was the reason for readmission, location and severity of the bleeding based on the Bleeding Academic Research Consortium (BARC) classification [14] were documented. If chest pain was the reason for readmission, the cause of chest pain was documented as ST-elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), unstable angina, stable angina, pericarditis, or noncardiac chest pain. Noncardiac chest pain was defined as chest pain resulting from noncardiac-related etiologies, such as gastrointestinal or musculoskeletal. Among those readmitted, we also evaluated in-hospital mortality and length of stay in days during the readmission.
Statistical analysis
Continuous data are shown as mean ± standard deviation and analyzed using Wilcoxon rank sum tests or Student's t tests, and categorical variables are shown as n (%) and analyzed with chi-square tests. Multivariable logistic regression models were created to determine independent predictors of 30-day readmission and bleeding among all readmitted patients. In addition, a similar model to determine independent predictors of 30-day readmissions was developed among the cohort of patients discharged on OACs after index PCI. This model was created to identify predictors of readmission specific to those discharged on OACs. We followed the recommendation of limiting the number of potential predictor variables to 1 per 10 events (10 events per variable) [15] . All candidate variables were retained in the final model with no selection procedures used.
Candidate variables included in the logistic regression readmission models were selected based on clinical knowledge and prior studies [1, 6, 7, 16, 17] . For the total study population, these included the following: OAC at discharge, age, gender, ethnicity, insurance type, admission status, comorbidities (heart failure, diabetes mellitus, chronic lung disease, chronic kidney disease [stratified as glomerular filtration rate (GFR) 30-60 mL/minute or GFR<30 mL/min/ dialysis], peripheral arterial disease (defined as disease involving the upper and lower extremity, mesenteric, renal, and abdominal aortic system vasculature), prior PCI, prior coronary artery bypass graft surgery), procedural characteristics (cardiogenic shock on presentation, nonelective PCI [defined as urgent/emergent/salvage], use of drug-eluting stent), postprocedural complications (postprocedural bleed, index hospitalization length of stay greater than 5 days), and discharge characteristics (discharge to home, beta-blocker prescribed on discharge).
For the readmitted patients on OAC therapy, a more limited number of variables were chosen a priori in order to avoid model overfitting. The variables included those variables used in the full readmission model, with the exception of OAC on discharge, gender, admission status, cardiogenic shock on presentation, and discharge characteristics (discharge to home, betablocker prescribed on discharge). For the model created to determine predictors of bleedingrelated readmissions in the overall readmitted population, in order to avoid model overfitting, the CathPCI bleeding risk score, previously developed to determine patient's risk of bleeding after PCI, was used as a candidate variable [18] . Other variables included in the bleeding predictors model are listed in S1 Fig, as are the variables included in the CathPCI bleeding risk score. All analysis was done with SAS version 9.4 (Cary, NC), with a p-value of 0.05 marking statistical significance.
Results
Clinical characteristics of patients discharged on OAC therapy after index PCI
From 2009 through 2014, 9,357 patients underwent PCI and survived to discharge. Of these patients, 1,110 (11.9%) were discharged on OACs. Characteristics of the study cohort stratified by discharge OAC status are shown in Table 1 . Patients discharged on OACs were older and generally had a higher burden of cardiovascular and noncardiovascular diseases. During the index hospitalization, patients ultimately discharged on OACs presented more often with STEMI, experienced higher rates of cardiogenic shock within 24 hours of PCI, and underwent higher rates of emergent PCI. Drug-eluting stents were less commonly used in patients discharged on OACs. Following PCI, patients ultimately discharged on OACs had higher rates of stroke (0.81% vs 0.34%; p = 0.02), longer lengths of stay (5.2 ± 7.0 days vs 2.4 ± 3.6 days, p<0.01), and higher rates of bleeding events (12.3% vs 5.1%, p<0.01) during the hospitalization. Of bleeding events in the OAC group, the majority were due to non-access site bleeding (84.6%). Clinical characteristics of all patients discharged on OACs, including reasons for anticoagulation, are included in the Supporting Information (S1 Table) .
Clinical characteristics of readmitted patients and reasons for readmission
During the study period, 692 patients were readmitted within 30 days. Of the readmitted patients, 20.7% (n = 143) were on OACs, with a readmission rate of 12.9% among all patients discharged on OACs. In comparison, 79.3% (n = 549) of the readmitted patients had not been discharged on OACs, with a readmission rate of 6.7% among all patients not discharged on OACs. Characteristics of those readmitted are shown in Table 2 . Chronic anticoagulant therapy, defined as OAC use within 30 days preceding index PCI, was used by 67.7% of all patients on OACs and by 50.4% of those readmitted. Readmitted patients on OACs were older, had higher rates of prior valve surgery, longer lengths of stay after index PCI, and higher rates of overall bleeding during the index PCI hospitalization compared to readmitted patients not discharged on OACs.
The most common reasons for readmission, stratified by discharge OAC status, are shown in Table 3 . The complete list of reasons for readmission is shown in S2 Table. The most common cause of readmission for both groups was chest pain syndromes (34.4% not discharged on OACs; 21.7% discharged on OACs), the majority of which were for stable and unstable angina (44.4% not discharged on OACs; 41.9% discharged on OACs). Following this, post-discharge bleeding was the next most common reason for readmission among patients discharged on OACs (14.0%), which occurred with greater frequency compared to those not discharged Table) . During rehospitalization, patients discharged on OACs relative to those not on OACs experienced a higher unadjusted rate of mortality (6.3% vs 1.8%, respectively, p<0.01) and longer lengths of stay (6.4 ± 7.1 days vs 4.9 ± 6.8 days, p = 0.02). Among readmitted patients on OACs, there were no significant differences in outcomes observed after stratifying patients by chronic anticoagulant status (S4 Table) . 
Changes to medication regimens at the time of discharge from the readmission
Of the 143 patients on OACs at the time of discharge from the index PCI and who were readmitted, 130 (90.9%) were on triple therapy (defined as an OAC, aspirin, and a P2Y 12 inhibitor). Most patients were discharged from the index hospitalization on warfarin (96.5%), followed by rivaroxaban (2.1%) and apixaban (0.7%). At the time of discharge from the readmission, 101 (75.4%) remained on OACs, with 98 (97.0%) on warfarin and 84 (83.2%) receiving triple therapy. Of the patients whose OAC therapy was discontinued at the time of discharge from the readmission, 78.8% were discharged on dual antiplatelet therapy, 12.1% on aspirin alone, and 3.0% on a P2Y 12 inhibitor alone. Complete details regarding medication regimens are shown in the Supporting Information (S5 Table) . Among the subset of patients discharged on OACs following the index PCI, predictors of readmission included nonelective PCI (OR 1.91, 95% 1.17-3.12, p<0.01) and history of peripheral arterial disease (PAD) (OR 1.66, 95% CI 1.07-2.57, p = 0.02), whereas history of prior PCI was associated with a reduced risk of readmission (OR 0.60, 95% CI 0.39-0.91, p = 0.02) (Fig 1) . In addition, in the group of patients who were readmitted for bleedingrelated reasons, OAC use at the time of discharge from index PCI was associated with increased risk of bleeding (OR 3.37, 95% CI 1.85-6.14, p<0.01), as was an increasing CathPCI bleeding risk score (OR 1.03 per every 1% increase in bleeding risk, 95% CI 1.01-1.05, p<0.01) and a history of heart failure (OR 1.90, 95% CI 1.01-3.57, p = 0.05). A full list of variables is provided in S1 Fig. 
Discussion
In this study of over 1,100 patients on OAC therapy after PCI, we assessed the reasons and predictors for early readmissions. We found that patients discharged on OACs following PCI are more commonly readmitted within 30 days than patients not discharged on OACs, with chest pain (21.7%) and bleeding (14.0%) representing the major causes. Bleeding-related readmissions were significantly greater among OAC patients, of which the majority were due to gastrointestinal bleeding. Readmissions were associated with prolonged lengths of stay and a high unadjusted mortality rate in the OAC population. OAC use after discharge from index PCI was found to be a strong independent predictor of readmission among all readmitted patients, whereas among patients on OACs, peripheral arterial disease and nonelective index PCI were independently associated with 30-day readmission.
Patients who were discharged on OACs after PCI were readmitted for a diverse group of reasons, yet similar to prior studies among all-comers, chest pain was the primary reason for readmission [1, 9] . However, we found that bleeding was the next most frequent cause of readmission, occurring at more than twice the rate compared with those not on OACs. While prior studies have not fully described reasons for readmissions among stented patients on OACs, analyses among all-comers after PCI have consistently found bleeding to be a less frequent reason for readmission. For instance, in an analysis by Wasfy et al., nonaccess site bleeding accounted for 3.7% of all 30-day readmissions, the fifth most common reason [9] . Similarly, McNeely et al. reported a 30-day readmission rate of gastrointestinal bleeding of only 1.8% [8] .
While bleeding-related readmissions are not unexpected among patients on OACs, it is important to recognize this as a major cause of early readmission after PCI given both the morbidity and costs related to these events. Bleeding-related readmissions may influence patient outcomes. Ko et al. concluded that bleeding-related readmissions after PCI are associated with increased risks of death and myocardial infarction among all patients, and this may be true for patients on OACs as well [19] . In addition, a prior analysis from the Dual Antiplatelet Therapy trial found that late bleeding after PCI has a poor prognosis, with an 18.1-fold increased hazard of mortality, nearing that of late ischemic events [20] . Studies have also shown that bleeding events related to anticoagulation are associated with high healthcare expenditures, and a 2011 study found that bleeding events were found to raise costs of patients with nonvalvular atrial fibrillation on OAC therapy by $30-45,000 per patient per year [21, 22] . Although we did not collect data regarding diagnostic or therapeutic procedures that patients underwent during bleeding-related readmissions, it is reasonable to hypothesize that these patients may undergo diagnostic and therapeutic procedures such as upper endoscopies or colonoscopies during the evaluation of gastrointestinal bleeding, which can lead to escalating costs.
Among all patients discharged after PCI, OAC use was found to be independently associated with 30-day readmission and bleeding events, which has been suggested by other studies [21] . This may provide a definable target for intervention. After PCI, it is critical that the physician reevaluate the need for oral anticoagulation, and carefully assess a patient's ischemic and bleeding risk, to make an individualized decision regarding the optimal combination of antithrombotic and antiplatelet therapy. In our analysis, we specifically showed that the CathPCI bleeding risk score [18] is an independent predictor of bleeding-related readmission, and clinicians can also use one of many available risk scores to help assess a patient's ischemic and bleeding risks [23] [24] [25] [26] . In addition, several trials have suggested that following PCI, an OAC and a single antiplatelet agent may be more appropriate than triple therapy [27] [28] [29] , and prioritizing novel oral anticoagulants, which have been shown to provide a lower risk of bleeding compared to warfarin, may be an additional strategy [28] [29] . Lastly, our study identified PAD and nonelective indications for PCI as additional risk factors for readmission among stented patients on OACs, which provides readily available patient characteristics to identify those at highest risk. Readmissions may be also reduced if the transition of care for patients on OACs is optimized prior to discharge, and programs emphasizing extensive patient education and close post-discharge follow-up appointments have previously shown reduction in readmissions after PCI [2, 30] .
Our study has limitations. First, warfarin was the most common oral anticoagulant prescribed among our patient population, and our results may not be generalizable to those on novel oral anticoagulants. Second, data on readmissions were obtained from within our healthcare system. Although a previous study has demonstrated that the majority of post-PCI patients are readmitted to the procedural hospital [9] , our analysis is unable to account for readmissions that occurred at hospitals outside of our healthcare system. Third, the overall study population included predominantly white, male patients, and as such, our generalizability is limited among patients undergoing PCI with other characteristics. Fourth, the number of readmissions and bleeding events in the OAC group was small, which limits the number of variables we were able to include in our regression models. Finally, data regarding the use of agents such as proton pump inhibitors and H2-receptor antagonists were not available.
Conclusions
In conclusion, we found that patients on OACs are commonly readmitted within 30 days following PCI, with bleeding representing a major cause. These readmissions were associated with a high risk of mortality. Peripheral arterial disease and nonelective index PCI were important predictors of readmission in the OAC group. Therefore, patients on OACs merit close monitoring following discharge after PCI, and further research is required to determine how to prevent readmissions and bleeding-related events among this complex cohort of patients. Table. Characteristics of patients on oral anticoagulant (OAC) therapy, stratified by readmission status. Data are shown as n (%) except where otherwise noted. BMI, body mass index; CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; CVA, cerebrovascular accident; DES, drug eluting stent; MI, myocardial infarction; NSTEMI, non-STsegment elevation myocardial infarction; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction. (DOCX) 
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